Chiral Monomers Ensure Orientational Specificity of Monomer Binding During Polymer Self-Replication.
Biomolecular homochirality is universally observed in living systems but the molecular and evolutionary dynamics that led to its emergence are unknown. In fact, there are significant disadvantages in using chiral monomers for polymerization, which include enantiomeric cross-inhibition in racemic medium and under-utilization of available resources for self-replication in the primordial environment. Nevertheless, most investigations of homochirality in living systems assume that the individual primordial monomers were chiral prior to the formation of self-replicating polymer and therefore focus on identifying a symmetry-breaking mechanism that might choose one enantiomer over the other in a racemic medium. Within the premise that the extant biomolecules are products of molecular evolution, we ask a related but distinct question: why is an achiral monomer molecule disfavored? Here we identify an evolutionary advantage for molecular evolution to choose chiral over achiral monomers to construct primordial self-replicating polymers. We argue that when polymerization is constrained to proceed in only one direction along the template, as in DNA, evolution favors chiral monomers and homochiral polymers. This evolutionary advantage stems from the ability of a chiral monomer to bond with the template in only one orientation relative to the template monomer, along the direction of polymerization. An achiral monomer, on the other hand, offers more than one possible orientation for bonding with the template monomer, due to the presence of symmetry elements in its structure, which would lead to inhibition of polymerization. We show that the requirement of orientational specificity leads to monomer chirality, by using a known relationship between rotational and reflection symmetry elements, within the constraint that the resultant polymers are helical.